Cognitive science research in the last twenty-five years has provided considerable evidence that reason is embodied. The neural architectures that evolved to produce perception, sensation, and bodily movement are at the heart of what we experience as rational inference, conceptualization, and meaning construction. Metaphor theory and mental space theory played a significant role in showing the inadequacies of the abstract, algorithmic, and disembodied views that dominated structuralism, generative linguistics, and logic-based truth-conditional approaches to semantics. Conceptual integration theory, often called "blending" or CI, is a further development of this line of research. It confirms in novel ways that similar general properties of neural binding and simulation lie behind sensorimotor activities, concrete interaction with the world, human-scale everyday experience, abstract reasoning, and scientific or artistic invention.
CI is based on extensive empirical observation in multiple areas of meaning construction. Detailed proposals have been made regarding its constitutive and governing principles, and on the remarkable compressions and emergent dynamics they allow. A substantial body of research now exists on CI in mathematics [9, 13] , social science [14, 16] , literature [5, 15] , linguistics [10, 11] , and music [18] . There have been proposals for the mathematical and computational modeling of the operation [6, 17] , and experimental research has been carried out on the corresponding neural and cognitive processes [1, 7] . Additional information and an extensive bibliography can be found on the website <blending.stanford.edu>.
The findings have raised fundamental research questions of interest to all of us, and in particular to the participants of the present workshop. What follows is a general overview of the issues, results, and research program. It deliberately avoids going into technical detail. Each of the mentioned phenomena has received extensive analysis elsewhere.
CI is a basic mental capacity that leads to new meaning, global insight, and conceptual compressions useful for memory and manipulation of otherwise diffuse ranges of meaning. It plays a fundamental role in the construction of meaning in everyday life, in the arts and sciences, in technological development, and in religious thinking. The essence of the operation is to construct a partial match between input mental spaces and to project selectively from those inputs into a novel 'blended' mental space, which then dynamically develops emergent structure. It has been suggested that the capacity for complex conceptual blending ("double-scope" integration) is the crucial capacity needed for thought and language.
Most of our thinking, even in the simplest circumstances, is unbelievably complex but mercifully completely unconscious. Our conscious experience is one of direct simplicity, in the same way that our conscious perception of objects ("a blue cup") is one of direct simplicity that bypasses (in consciousness) what the neural circuits of the brain are painstakingly integrating behind the scenes. CI is no exception to the laws of backstage cognition: it too operates largely behind the scenes, choreographing vast networks of mental spaces beyond the reach of our conscious awareness, yielding cognitive products at the conscious level which appear straightforward and unproblematic.
Here are some well-known, highly visible examples of conceptual blends repeated here for illustrative purposes:
Boat race A famous example of blending is "the boat race" or "regatta". A modern catamaran is sailing from San Francisco to Boston in 1993, trying to go faster than a clipper that sailed the same course in 1853. A sailing magazine reports:
As we went to press, Rich Wilson and Bill Biewenga were barely maintaining a 4.5 day lead over the ghost of the clipper Northern Light, whose record run from San Francisco to Boston they're trying to beat. In 1853, the clipper made the passage in 76 days, 8 hours. -"Great America II," Latitude 38, volume 190, April 1993, page 100.
There are two distinct events in this story, the run by the clipper in 1853 and the run by the catamaran in 1993 on (approximately) the same course. In the magazine quote, the two runs are merged into a single event, a race between the catamaran and the clipper's "ghost". The two distinct events correspond to two input mental spaces, which reflect salient aspects of each event: the voyage, the departure and arrival points, the period and time of travel, the boat, its positions at various times. The two events share a more schematic frame of sailing from San Francisco to Boston; this is a "generic" space, which connects them. Blending consists in partially matching the two inputs and projecting selectively from these two input spaces into a fourth mental space, the blended space: In the blended space, we have two boats on the same course, that left the starting point, San Francisco, on the same day. Pattern completion allows us to construe this situation as a race (by importing the familiar background frame of racing and the emotions that go with it). This construal is emergent in the blend. The motion of the boats is structurally constrained by the mappings. Language signals the blend explicitly in this case by using the expression "ghost-ship." By "running the blend" imaginatively and dynamically -by unfolding the race through time -we have the relative positions of the boats and their dynamics.
Here is another attested example where embodied conceptual blending leads to emergent bodily movement. A ski instructor was trying to teach a novice to hold his arms correctly and look down the slope (rather than in the direction of the skis). The instructor told the novice to imagine that he was a waiter in Paris carrying a tray with champagne and croissants. By focusing his attention on the tray, and trying to avoid spilling the champagne, the novice was able to produce something approaching the right integrated motion on the slope. The Inputs in this case are the ski situation and the restaurant situation, with arm and body positions mapped onto each other. The Generic space has only human posture and motion, with no particular context. But in the Blend, the skier is also actually carrying the champagne tray. The blended space is in a way a fantasy, but it allows a real motion to emerge. Rather remarkably, this pedagogical feat requires no actual champagne and croissants. Just thinking of them is enough.
Conceptual blending with emergent structure shows up in all areas of human behavior; cultures develop successive blends and the ones that become entrenched can be transmitted to new generations. This is the case in the evolution of mathematical concepts and the development of mathematics itself. For example, whole numbers are blended with one dimensional space, the output is blended with proportions, yielding the rationals. Blending with geometric constructs leads to the irrationals, and then to transcendent numbers. Blending with twodimensional space yields negative and then complex numbers. At every step, there is rich emergent structure which mathematicians explore. The discovery of non-euclidean geometries follows similar paths. These processes are analyzed in great detail in [3] , [4] , [9] , [13] .
The recent technology of the mouse and desktop computer interface is another case in which a succession of blends are integrated conceptually and physiologically into a single activity with considerable emergent structure. A CI network based on perceptual invariance, coherence, stability, and non-ubiquity integrates two dimensional illuminations on the screen with 3D objects. This is the object blend. Another CI network integrates the 3D horizontal and sometimes jerky manipulation of the mouse with the perceived motion of the arrow (an "object" by virtue of the object blend) on the screen in a vertical plane. The embodied capacity to integrate the manipulation of the mouse with the motion of the arrow -to feel that one is moving the arrow -is remarkable. It is quickly acquired by simple linking and coactivation of the input mental spaces and their frames. Other blends for the interface develop in the same way: they include a grasping and moving blend and a containment blend. The successive blends and their emergent structue make it possible to experience the clicking on the rectangle as a form of grasping, and the motion of the clicked mouse as deliberately moving an object. This looks easy when we do it but demands highly complex correlations and integrations at many levels: neural, perceptual, motor, conceptual.
COMPRESSIONS AND VITAL RELATIONS
Compression in blending networks operates on a set of relations rooted in fundamental human neurobiology as it applies to shared physical and sociocultural human experience. These vital relations, which include Cause-Effect, Change, Time, Identity, Intentionality, Representation, and Part-Whole, can apply across mental spaces, and they also define essential topology within mental spaces. In blending networks, a vital relation across inputs (outer-space vital relation) can be compressed into a vital relation within the blended space (inner-space vital relation). There are systematic compression hierarchies, such as: ANALOGY, DISANALOGY > CHANGE, IDENTITY > UNIQUENESS. Blending, it turns out, is an instrument of compression par excellence. Some spectacular cases of compression and decompression of rich vital relation structures are analyzed in [4] .
GRADIENT OF COMPLEXITY
A more detailed examination of CI networks reveals a continuum of complexity with four prototypes that stand out on that continuum: Simplex, Mirror, Single-Scope, and DoubleScope. It turns out that ordinary compositional logic corresponds to the straightforward blending found in Simplex networks. Anything beyond that will be truth-functionally noncompositional. The point is crucial, since compositionality is often taken to be a necessary prerequisite to the analysis of meaning. At the high end of the continuum of blending complexity, we find Double-Scope networks which blend inputs with different (and often clashing) organizing frames to produce creative emergent frame structure in a blended space. Double-scope blending is what we typically find in scientific, artistic, and literary discoveries and inventions. Double-scope creativity is perhaps the most striking characteristic of our species.
MATERIAL ANCHORS
Some of the things that we often take to be the most basic in everyday living and thinking are the result of creative successive blends evolved by cultures over time. Edwin Hutchins [8] has shown that material objects are used/designed by cultures as material anchors for conceptual blends. Manipulation of these objects is a way of running complex blends. Intricate successive blending leads to watches, coins or bills, and rational numbers. As the anchors change so do our concepts of time, money, and number. Watches are material anchors (in Hutchins' sense) for a powerful conceptual blend that compresses an outer-space linear ordering of successive days that can go on to infinity into an inner-space cyclical ordering of repeated motion through the same unique day. This integration network provides one of the inputs (the Cyclical Blended Day) to another integration network, the Timepiece network, from which our modern everyday conception of time emerges. Money is a material anchor that also reflects the construction of successive intricate blends. The basic notion of exchange leads to an implicit and abstract value scale. Blending the input of Values with an input of Goods augmented by material objects like bills and coins yields a blended space of Goods and Money with Values in which the elementary structure of buying and selling as we know it can emerge. And further successive blends will lead to ever more complex emergent financial and economic dynamic organizations. A major goal of a social science like economics is to understand the emergent structures that result.
LEARNING
Learning by new generations is possible because much of the manipulation of the blended space can be learned without having to consciously apprehend the full networks of which it is part. Although buying and selling, or telling the time are activities that take time for children to learn, it is not the case that the children need to go through the long explorations and the many garden paths that the culture went through before it came up with watches or money.
During the first three years of the child's life, a seemingly impossibly complex system of elaborate blending networks is constructed. The child has a biological capacity for double-scope integration and the culture has a range of specific integration networks to offer. The biology and the culture combine to impressive effect. Once a fundamental culturally-motivated integration network is in place, its compressed, human scale blend seems as obvious and inevitable as the perception of a blue cup. Communicating with language, making and recognizing representations, and using a fork and a spoon seem straightforward both for the child and the adults who interact with the child. The fact that combinations of vocal sounds mean what they mean, that the marks on the paper are a dog, and that the fork is an instrument for eating are taken as direct and inevitable. We can no longer see the mark without seeing the dog, or the fork without seeing its purpose and its etiquette. This is exceptionally difficult: a human brain in its first few years is the quickest and most plastic and most capacious complex system in the universe, but it takes at least three years of constant working to bring it to mastery of all these culturally-motivated blends. This exceptionally difficult development is almost entirely unconscious for the child and mostly unobservable by adults, who see only superficial signs of the mental activity of the child and take them for granted because adults do not remember the difficulty. Just as biology gives us entrenched integrations that we can manipulate directly, so culture and learning result in the building of entrenched integrations that we can manipulate directly. In both cases, once we have the integration, it is hard or impossible to escape it. We construe the physical, mental, and social worlds we live in by virtue of the integrations we achieve through biology and culture. There is no other way for us to apprehend the world. Conceptual integration is not something we do in addition to living in the world. Instead, it is one of the essential means we have for apprehending and constructing our world. Human beings have reached a double-scope level of conceptual integration and this accounts for many of their specific performances.
